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(54) Connection-switched capacitor storage system

(57) There is disclosed a connection-switched ca-
pacitor storage system having an improved energy effi-
ciency. When the capacitors having their respective par-
allel monitors are initialized, less power loss occurs than
conventional. The capacitor storage system comprises
the plural capacitors, the parallel monitors connected in
parallel with the capacitors, respectively, switches for
switching the connections of the capacitors from a se-
ries combination to a parallel combination or vice versa,
and a control portion. The parallel monitors bypass the
charging current for the capacitors when the terminal
voltages of the capacitors exceed a given voltage, thus
limiting increases of the terminal voltages. The parallel
monitors have a function of initializing the terminal volt-
ages of the capacitors to their original level. The control

portion controls initialization done by the parallel moni-
tors to initialize the capacitor voltages to their original
level based on the total voltage of the capacitors or on
the terminal voltage of a certain capacitor typical of the
capacitors. The control portion also controls switching
of the connections of the capacitors done by the switch-
es. The control portion causes the parallel monitors to
initialization the capacitors near the voltage at which the
connections of the capacitors are switched by the
switches. Therefore, the initialization is done at a low
voltage. The power loss is reduced. Deterioration of the
efficiency due to switching of the connections of the ca-
pacitors is alleviated.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a connection-
switched capacitor storage system comprising a plural-
ity of capacitors, parallel monitors connected in parallel
with the capacitors, respectively, switching means for
switching the connections of the capacitors from a se-
ries combination to a parallel combination or vice versa,
and control means. Each parallel monitor acts to bypass
the charging current when the terminal voltage of the
corresponding capacitor exceeds a given voltage value.
Thus, the parallel monitors limit the terminal voltages of
the capacitors to a voltage set for initializing. That is, the
parallel monitors have a function of initializing the ca-
pacitors to their original state (hereinafter often referred
to simply as initialization or initializing). The control
means controls the initializing operation of the parallel
monitors according to the terminal voltages of the ca-
pacitors. The control means also controls the switching
operation of the switching means for switching the con-
nections of the capacitors.

2. Description of the Related Art

[0002] A capacitor storage system consisting of a
combination of capacitors and an electronic circuit is
known as an ECS (energy capacitor system). Those
ECSes which are equipped with parallel monitors hav-
ing a function of initializing capacitor voltages to their
initial level and which have a function of switching the
connections of the capacitors have been studied and
verified in terms of their performance in a Japanese na-
tional project NEDO (New Energy and Industrial Tech-
nology Development Organization): Final Report of on-
the-spot Research on new Procedure for Load Leveling,
March 2000. Its performance has been valued highly
and put into practical use.
[0003] Electric storage systems equipped with paral-
lel monitors having a function of initializing capacitor
voltages to their initial level have been proposed by the
present Applicant and others, for example, in Japanese
patent laid-open Nos. 2000-152508, 2000-217250, and
2001-186681.
[0004] Electric storage systems having a function of
switching the connections of capacitors have been also
proposed by the present Applicant and others, for ex-
ample, in Japanese patent laid-open Nos.
2000-152495, 2000-209775, and 2000-253572.
[0005] An example of the structure of an electric stor-
age system fitted with parallel monitors having a func-
tion of initializing capacitor voltages to their initial level
is given now. Fig. 5 shows one example of the configu-
ration of a capacitor storage portion having comparators
acting as parallel monitors which are used respectively

for initializing and for detection of a full charge condition.
Shown in this figure are a charger 11, comparators 12,
13, OR-gates 14, 15, capacitors C, diodes D, resistors
Rs, transistors Tr, and initializing switches S1. Vful and
Vini indicate set voltages, respectively.
[0006] In Fig. 5, each capacitor C is an electric double-
layer capacitor, for example, for storing electrical ener-
gy. The comparator 12 for initializing to initial state is
used as a means for operating the transistor Tr connect-
ed in parallel with the capacitor C in such a way that the
charging current is bypassed at the first set voltage Vini.
The comparator 13 for detection of a full charge is used
as a means for detecting the second set voltage Vful to
judge that a full charge voltage higher than the first set
voltage has been reached. When the capacitor C is in-
itialized to its original state, if the terminal voltage of the
capacitor C is about to exceed the set voltage Vini, the
transistor Tr and resistor Rs together form a bypass cir-
cuit for the charging current, thus limiting the charging
current. That is, a part of the charging current is by-
passed. The current is set by the resistor Rs. The initial-
izing switch S1 activates or deactivates the operation
for initializing the capacitor C. When the initializing mode
is selected, an initialization execution signal S issued by
the charger 11 activates the operation.
[0007] The charger 11 charges plural capacitors C
connected in series. The charger 11 stops the charging
operation if a full charge voltage is detected from any
capacitor C. For example, the outputs F from the com-
parators 13 for detection of a fully charged state are log-
ically ORed. Thus, the charger judges which of the plural
capacitors has reached full charge. Then, the charging
is ended. Furthermore, when charging for initialization
is started, the charger 11 turns on (closes) the initializing
switch S1 by the initialization execution signal S, thus
starting charging. The outputs I from the comparators
12 for initializing the capacitors are logically ORed.
Thus, the charger judges which of the capacitors has
started to undergo an operation for bypassing the charg-
ing current. The bypass operation signals I from the
comparators 12 are ORed by each OR gate 14. Output
signals F from the comparators 13 indicating a full
charge are ORed by each OR gate 15, and a signal for
stopping constant-current charging is supplied to the
charger 11.
[0008] Accordingly, the set voltage Vful is set to the
full charge voltage of each capacitor. The set voltage
Vini is set to an initializing voltage lower than the set
voltage Vful. When the initializing switch S1 is closed
(turned ON) and charging is done, the capacitor charged
to the set voltage Vini first is first started to be charged
at a decreased charging rate by the bypass circuit con-
sisting of the transistor Tr and resistor Rs by bypassing
a part of the charging current. In this way, the capacitors
are successively charged at a decreased charging rate.
When any capacitor reaches full charge, the charger 11
stops the constant-current charging. If necessary, trickle
charging is done.
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[0009] An example of the configuration of an electric
storage system having a function of switching the con-
nections of capacitors is next described. Fig. 6 shows
one example of the configuration of a capacitor storage
system in which the connections of capacitors are
switched. Shown in this figure are capacitors CA1-CA3,
CB1-CB3 and switches SS, SA1-SA3, SB1-SB3.
[0010] Referring to Fig. 6, the capacitors CA1-CA3
and CB1-CB3 form two sets of capacitors A and B. Each
set of capacitors is made up of the same number of ca-
pacitors connected in series. Each of the capacitors
CA1-CA3 and CB1-CB3 may be a capacitor bank con-
sisting of plural capacitors connected in series or paral-
lel-series. If necessary, a parallel monitor is appropriate-
ly connected with each capacitor. The switch SS is a
series-connection switch means for connecting the two
sets of capacitors A and B in series. One set of capac-
itors A and the switch SS are connected at a series con-
nection point. The switches SA1-SA3 are one set of
switching means for connecting this series connection
point with one series connection point of the other set
of capacitors B and with the series connection points
between the capacitors CB1-CB3. The switches
SB1-SB3 are the other set of switching means for con-
necting the series connection point between the set of
capacitors B and the switch SS with the other series con-
nection end of the set of capacitors A and with the series
connection points between the capacitors A.
[0011] Then, the capacitors CA1-CA3 and CB1-CB3
are connected in series as shown in Fig. 6(D) by closing
only the switch SS as shown in Fig. 6(A). The center
capacitor CA3 of one set of capacitors A and the center
capacitor CB3 of the other set of capacitors B are con-
nected in parallel as shown in Fig. 6(E) by opening the
switch SS and closing the switch SA3 of one set of
switching means and the corresponding switch SB3 of
the other set of switching means as shown in Fig. 6(B).
[0012] Similarly, the series combination of the center
capacitors CA3 and CA2 of one set of capacitors A and
the series combination of the center capacitors CB3 and
CB2 of the other set of capacitors B are connected in
parallel as shown in Fig. 6(F) by closing the switch SA2
of one set of switching means and the corresponding
switch SB2 of the other set of switching means and
opening all the other switches as shown in Fig. 6(C).
[0013] Then, the series combination of the capacitors
CA1-CA3 of one set of capacitors A and the series com-
bination of the capacitors CB1-CB3 of the other set of
capacitors B are connected in parallel as shown in Fig.
6(G) by closing the switch SA1 of one set of switching
means and the corresponding switch SB1 of the other
set of switching means and opening all the other switch-
es.
[0014] As described above, the connections of the
plural capacitors CA1-CA3 and CB1-CB3 are switched
and controlled as shown in Fig. 6, (D)-(G), by selectively
connecting one of the switches SA1-SA3 of one set of
switching means and one of the switches SB1-SB3 of

the other set of switches or the switch SS. In this way,
the voltages are adjusted. Variations in the voltages ac-
companying charging and discharging can be sup-
pressed. For example, the capacitors CA1-CA3 and
CB1-CB3 are all connected in series and charging is
started as shown in Fig. 6(D). When the terminal voltage
on the charging side rises to a given value, the voltage
is lowered by an amount corresponding to the capaci-
tors CA3 and CB3 by switching the combination to the
combination shown in Fig. 6(E). Furthermore, if the ter-
minal voltage on the charging side again increases to
the given value due to charging, the terminal voltage on
the charging side can be prevented from exceeding the
given value by switching the combination successively
to the combinations respectively shown in Fig. 6, (F) and
(G).
[0015] Where discharging is started in the connection
combination shown in Fig. 6(G) and the load is fed, if
the output voltage drops to the given value, the de-
crease in the output voltage is compensated by switch-
ing the connection combination to the combination
shown in Fig. 6(F). If the output voltage further drops to
a certain value, the connection combination is succes-
sively switched to the connection combinations respec-
tively shown in Fig. 6, (E) and (D). Consequently, the
output voltage can be prevented from decreasing below
the certain value. Furthermore, the overall current flow-
ing during charging and discharging is allocated to only
the switch SS that connects all the capacitors CA1-CA3,
CB1-CB3 in series. The other switches SA1-SA3 and
SB1-SB3 only need to have a current capacity that is
half of the overall current. In addition, only one switch is
connected in series with each capacitor at any stage.
Therefore, loss caused by turn-on voltage of switches,
which would present a problem where the switches were
made of semiconductors, can be reduced to a minimum.
[0016] In the system used thus far, however, parallel
monitors having a function of initializing capacitors to
their initial state and a function of switching the connec-
tions of the capacitors between series and parallel com-
binations are combined in a simple manner as men-
tioned previously. Therefore, there arises the case
where both functions perform conflicting operations. It
has been confirmed that the energy efficiency of the ca-
pacitor storage system can drop.
[0017] The observed decreases of the efficiency are
only 1 to 2%. However, the actual value of the overall
charge/discharge efficiency of the whole capacitor stor-
age system using switching of the connections of ca-
pacitors is as high as 94%. Therefore, where the de-
creases of the efficiency are only 1 to 2% as mentioned
previously, increasing the efficiency further will greatly
contribute to expansion of the application of the capac-
itor storage system.

SUMMARY OF THE INVENTION

[0018] The present invention is intended to address
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the foregoing problem. It would be desirable to provide
a capacitor storage system which has a function of
switching the connections of capacitors and provides
improved energy efficiency by reducing power loss
caused when the capacitors having parallel monitors
are initialized to their initial state.
[0019] This object is achieved by a connection-
switched capacitor storage system comprising: a plural-
ity of capacitors; parallel monitors connected in parallel
with the capacitors, respectively, each of the parallel
monitors acting to limit increases of the terminal voltage
of a respective one of the capacitors by bypassing a
charging current for the capacitor when the terminal volt-
age exceeds a given set voltage, the parallel monitors
having a function of initializing their respective capaci-
tors to their initial state; switching means for switching
the connections of the capacitors from a series combi-
nation to a parallel combination or vice versa; and con-
trol means for controlling initializing operation of each
parallel monitor to initialize the terminal voltage of a re-
spective one of the capacitors to its initial level based
on the overall voltage of the capacitors or on the terminal
voltage of a given capacitor typical of the plurality of ca-
pacitors, the control means also acting to control oper-
ation of the switching means to switch the connections
of the capacitors. The control means causes the parallel
monitors to initialize the terminal voltages of the capac-
itors near a voltage at which the connections of the ca-
pacitors are switched by the switching means.
[0020] Preferably, the control means causes the par-
allel monitors to perform an initializing operation to initial
state at a voltage immediately preceding the voltage at
which the connections of the capacitors are switched by
the switching means. The control means causes only
those of the parallel monitors whose connections should
be switched by the switching means to perform the ini-
tializing operation. Alternatively, when all of the capaci-
tors are connected in series, the control means causes
the parallel monitors to perform the initializing operation.
The control means causes the parallel monitors to per-
form the initializing operation at a voltage assumed im-
mediately after the connections of the capacitors are
switched by the switching means.
[0021] Other objects and features of the invention will
appear in the course of the description thereof, which
follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Fig. 1 is a block diagram of a connection-switched
capacitor storage system according to the present
invention;
Fig. 2 is a flowchart schematically illustrating
processing performed by the capacitor storage sys-
tem shown in Fig. 1 in charging mode, the process-
ing including execution of an initializing operation;

Fig. 3 is a diagram showing a method of switching
the connections of shift-type, two stages of capac-
itors;
Fig. 4 is a diagram illustrating the variations in the
overall current flowing through an electrical storage
portion 1 of a capacitor storage system according
to the invention when the connections of the capac-
itors are switched, variations in the terminal voltag-
es of the capacitors, and an example of method of
setting a voltage Vini used for initializing to initial
state;
Fig. 5 is a diagram showing one example of a ca-
pacitor storage portion having parallel monitors act-
ing as comparators which are used respectively for
initializing to initial state and for detection of a full
charge; and
Fig. 6 is a diagram showing one example of the con-
figuration of a connection-switched capacitor stor-
age system according to the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] Embodiments of the present invention are
hereinafter described with reference to the accompany-
ing drawings. Referring to Fig. 1, there is shown a con-
nection-switched capacitor storage system according to
the present invention, the capacitor storage system be-
ing fitted with parallel monitors. This system has an elec-
trical storage portion 1, a charging circuit 2, and a
charge/discharge control portion 3. The electrical stor-
age portion 1 includes capacitors C. A set voltage used
for initializing to initial state is indicated by 4. Another
set voltage used for switching or full charge is indicated
by 5.
[0024] In Fig. 1, the electrical storage portion 1 in-
cludes the capacitors C having parallel monitors as
shown in Figs. 5 and 6, as well as switches for switching
the connections of the capacitors from a series combi-
nation to a parallel combination or vice versa. The elec-
trical storage portion has a function of switching the con-
nections of the parallel monitors and the capacitors C.
The parallel monitors have a function of initializing the
capacitors to their initial state. The charging circuit 2
controls the charging current and charges the capaci-
tors C of the electrical storage portion 1 in plural charg-
ing modes including constant-current charging mode
and trickle charging mode. The charge/discharge con-
trol portion 3 monitors voltages in the electrical storage
portion 1, controls initializing to initial state, and switch-
es the connections of the capacitors, thus controlling the
charging circuit 2.
[0025] When the charge/discharge control portion 3
is monitoring the voltages in the electrical storage por-
tion 1, the control portion detects the terminal voltage of
each capacitor C or the terminal voltage of a typical one
of the capacitors C, thus monitoring the charge state.
For example, in the circuit shown in Fig. 5, the control
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portion 3 monitors a bypass operation signal I for initial-
izing to initial state and a bypass operation signal F on
full charge. When a initializing operation to initial state
is performed and the charge/discharge control portion
3 controls the initializing operation of the electrical stor-
age portion 1, the initializing circuit is activated. In the
circuit of Fig. 5, for example, switches S1 are closed by
an initialization execution signal S. When the charge/
discharge control portion 3 switches the connections of
the capacitors in the electrical storage portion 1, the con-
trol portion monitors the voltages in the electrical stor-
age portion 1, judges a switching voltage, and controls
the switches, thus switching the connections of the ca-
pacitors. For instance, in the circuit shown in Fig. 6, the
control portion controls the states of switches SS,
SA1-SA3, and SB1-SB3, i.e., selectively opens and
closes them. When the charge/discharge control portion
3 controls the charging circuit 2, the control portion mon-
itors the charge state of the electrical storage portion 1
to thereby judge whether a full charge has been
reached. Then, the charging is stopped or the charging
mode is switched to trickle charging mode. For example,
in the circuit shown in Fig. 5, the bypass operation signal
F on full charge is detected, and the full charge state is
determined.
[0026] The set voltage 4 for initializing to initial state
is stored, for example, in a memory that holds the set
voltage Vini for setting each capacitor of the electrical
storage portion 1 to its initial state . Where all the capac-
itors are connected in series and initialized to their initial
state, for example, according to an initialization execu-
tion mode (described later), the voltage Vini is set for
each individual capacitor, if the connections of some ca-
pacitors have been switched to parallel combinations
and initialization should be done. The set voltage 5 for
switching or on full charge is stored, for example, in a
memory that holds the full charge voltage Vful at which
the connections of the capacitors of the electrical stor-
age portion 1 are switched, charging is stopped, or
charging mode is switched to trickle charging. The volt-
age at which the connections of the capacitors are
switched may be the overall voltage of the electrical stor-
age portion 1 or the terminal voltage of a capacitor that
forms a reference. For example, in the circuit shown in
Fig. 6, whenever the overall voltage of the electrical stor-
age portion 1 reaches a given voltage, the connections
are switched from combination D to combination E, from
combination E to combination F, and from combination
F to combination G. The charging is stopped when a full
charge condition is reached. At this time, the determi-
nation may be made based on the terminal voltage of
the capacitor CA1 while regarding it as a typical capac-
itor.
[0027] Fig. 2 is a flowchart schematically illustrating
processing performed in charging mode, the processing
including execution of initializing to initial state. Fig. 3 is
a diagram showing a method of switching the connec-
tions of shift-type, two stages of capacitors. Fig. 4 shows

variations of the overall voltage of the electrical storage
portion 1 when the connections of the two stages of ca-
pacitors of shift type are switched, variations in the ter-
minal voltages of the capacitors, and an example of
method of setting a voltage Vini used for initializing to
initial state.
[0028] Referring to the flowchart of Fig. 2, the
processing in the charging mode including execution of
initialization starts with making a decision as to whether
the voltage has reached a voltage range in which initial-
izing to initial state can be executed (step S11). When
the voltage has reached the range, the initialization ex-
ecution signal S for the capacitors to be initialized is kept
ON for a given time (step S12). A decision is made as
to whether the voltage has reached a voltage at which
the connections should be switched (step S13). If the
voltage has reached the latter voltage, only those
switches which correspond to the capacitors whose
connections should be switched are switched (step
S14). After that, if a full charge voltage is detected (step
S15), trickle charging is done, or charger stops (step
S16).
[0029] Some methods are available to switch the con-
nections of the capacitor depending on the type of ar-
rangement of the capacitors and on the number of stag-
es of the capacitors. A shift-type, two-stage-switched
capacitor arrangement consisting of four capacitors is
shown in Fig. 3. Variations of the overall voltage of the
electrical storage portion 1 when the connections of the
capacitors are switched are shown in Fig. 4. Variations
of the voltages of the capacitors are also shown in Fig.
4. An example of method of setting the voltage Vini used
for initializing to initial state is also shown in Fig. 4. The
connections of the capacitors are switched from a com-
bination shown in Fig. 3(d) to a combination shown in
Fig. 3(c) at point A of Fig. 4. The connections of the ca-
pacitors are switched from the combination shown in
Fig. 3(c) to a combination shown in Fig. 3(b) at point B
of Fig. 4. At point A of Fig. 4, capacitors C2 and C3 are
switched from a series combination to a parallel combi-
nation. Therefore, if there is a difference between the
charging voltage of the capacitor C2 and the charging
voltage of the capacitor C3 at this point, the higher one
is discharged, while the lower one is charged. A rela-
tively large current is supplied. The two capacitors are
forced to have the same voltage in a short time.
[0030] If the capacitor bank is made up of a single ca-
pacitor, essentially the same operation is performed,
though the method is different from the initializing of par-
allel monitors. In this circuit, if the set voltage Vini set
for initializing the parallel monitors to their initial state is
selected to lie at point C of Fig. 4 that is close to the full
charge set voltage Vful where the capacitor bank is not
affected by switching of the connections of the capaci-
tors, each capacitor will experience two operations in
one charging cycle, i.e., initializing operation and equal-
izing operation under different conditions. In actual op-
eration, the initializing operation is performed relatively
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slowly. The connections of the capacitors are switched
almost instantly. Therefore, priority is given to the latter
voltage allotment. If the initializing operation using the
parallel monitor is performed more completely, then
more electric power will be consumed. The result is that
the charge/discharge efficiency of the electrical storage
system drops.
[0031] The voltage Vini for the parallel monitors is es-
sentially set in such a way that the initializing operation
using the parallel monitors is completed before an op-
eration for switching the connections of the capacitors
is started. In this case, all the capacitors C1-C4 may be
initialized to their original state immediately before the
connections of the capacitors are switched from the
combination of Fig. 3(d) to the combination of Fig. 3(c).
Alternatively, only the capacitors C2 and C3 whose con-
nections should be switched may be initialized (point A
of Fig. 4), and only capacitors C1 and C4 whose con-
nections should be switched may be initialized (point B
of Fig. 4) immediately before the connections of the ca-
pacitors are switched from the combination of Fig. 3(c)
to the combination of Fig. 3(b).
[0032] It is to be understood that the present invention
is not limited to the embodiment above but various
changes and modifications are possible. For example,
in the embodiment above, initialization is done immedi-
ately before the connections of some capacitors are
switched. The initialization may also be done immedi-
ately after the connections of such capacitors are
switched. Energy loss due to two operations, i.e., initial-
izing and equalization, increases in going away from the
points A and B at which the connections of the capaci-
tors are switched, such as the point C of Fig. 6. There-
fore, the loss can be reduced greatly simply by bringing
the initializing point close to the points A and B where
the connections of the capacitors are switched instead
of close to the point C of Fig. 6 (e.g., a voltage point lying
in an approximately ± 10% range about the voltage point
at which the connections of the capacitors are
switched). This corresponds to voltages within a -10%
range from the voltage at which the connections are
switched where initialization is done immediately before
the connections are switched. It corresponds to voltages
within a +10% range from the voltage at which the con-
nections are switched where initialization is done imme-
diately after the connections are switched. Furthermore,
the voltage Vini set for initialization and the full charge
set voltage Vful may be held by the voltage-setting
memory 4 and the switching-and-full charge-setting
memory 5, respectively. The parallel monitors for the ca-
pacitors of the electrical storage portion 1 may be set by
the charge/discharge control portion 3. In addition, par-
allel monitors having fixed settings may also be used.
[0033] As can be understood from the description
made thus far, the preferred embodiment provides a
connection-switched capacitor storage system compris-
ing: a plurality of capacitors; parallel monitors connected
in parallel with the capacitors, respectively, each of the

parallel monitors acting to limit increases of the terminal
voltage of a respective one of the capacitors by bypass-
ing a charging current for the capacitor when the termi-
nal voltage exceeds a given set voltage, the parallel
monitors having a function of initializing their respective
capacitors to their initial state; switching means for
switching the connections of the capacitors from a se-
ries combination to a parallel combination or vice versa;
and control means for controlling initializing operation of
each parallel monitor to initialize the terminal voltage of
a respective one of the capacitors to its initial level based
on the overall voltage of the capacitors or on the terminal
voltage of a given capacitor typical of the plurality of
capacitors . The control means also acts to control the
operation of the switching means to switch the connec-
tions of the capacitors. The control means causes the
parallel monitors to initialize the terminal voltages of the
capacitors near a voltage at which the connections of
the capacitors are switched by the switching means.
Therefore, the initialization is done at a low voltage. This
reduces power loss. Decrease of the efficiency due to
switching of the connections of the capacitors can be
alleviated.
[0034] Initialization using the parallel monitors is done
by the control means at a voltage assumed immediately
before the connections of the capacitors are switched
by the switching means. The control means causes the
parallel monitors to initialization only capacitors whose
connections should be switched by the switching
means. Alternatively, when all the capacitors are con-
nected in series, initialization using the parallel monitors
is done. In addition, the control means causes the par-
allel monitors to initialization their respective capacitors
at a voltage assumed immediately after the connections
of the capacitors are switched by the switching means.
Only capacitors whose connections have not been
switched by the switching means are initialized by the
parallel monitors. Therefore, power loss due to initiali-
zation is reduced to a minimum. The power loss of the
capacitors having the parallel monitors due to initializa-
tion is decreased. The energy efficiency of the electrical
storage system having a function of switching the con-
nections of the capacitors can be improved.

Claims

1. A connection-switched capacitor storage system
comprising:

a plurality of capacitors;
parallel monitors connected in parallel with said
capacitors, respectively, each of said parallel
monitors acting to limit increases of a terminal
voltage of a respective one of the capacitors by
bypassing a charging current for the capacitor
when the terminal voltage exceeds a given set
voltage, the parallel monitors having a function
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of initializing terminal voltages of the capacitors
to their initial state;
switching means for switching connections of
said capacitors from a series combination to a
parallel combination or vice versa; and
control means for controlling initializing opera-
tion of each parallel monitor to initialize the ter-
minal voltage of a respective one of the capac-
itors to its initial level based on an overall volt-
age of the capacitors or on the terminal voltage
of a certain capacitor typical of said plurality of
capacitors, said control means also acting to
control operation of said switching means to
switch the connections of the capacitors;

wherein said control means causes said par-
allel monitors to initialize the capacitor voltages to
their original level near a voltage at which the con-
nections of the capacitors are switched by said
switching means.

2. The connection-switched capacitor storage system
of claim 1, wherein said voltage at which the con-
nections of the capacitors are switched by said
switching means is within a ± 10% range about the
voltage at which the connections of the capacitors
are switched.

3. The connection-switched capacitor storage system
of claim 1, wherein said control means causes said
parallel monitors to do initialization at a voltage as-
sumed immediately before the connections of the
capacitors are switched by said switching means.

4. The connection-switched capacitor storage system
of claim 3, wherein said voltage assumed immedi-
ately before the connections of the capacitors are
switched by said switching means is within a -10%
range from the voltage at which the connections are
switched.

5. The connection-switched capacitor storage system
of claim 3, wherein said control means causes only
capacitors whose connections should be switched
by said switching means to be initialized by said par-
allel monitors.

6. The connection-switched capacitor storage system
of claim 3, wherein said control means causes said
parallel monitors to do initialization when all of said
capacitors have been connected in series.

7. The connection-switched capacitor storage system
of claim 1, wherein said control means causes said
parallel monitors to do initialization at a voltage as-
sumed immediately after the connections of the ca-
pacitors are switched by said switching means.

8. The connection-switched capacitor storage system
of claim 7, wherein said voltage assumed immedi-
ately after the connections of the capacitors are
switched by said switching means is within a +10%
range from the voltage at which the connections of
the capacitors are switched.

9. The connection-switched capacitor storage system
of claim 7, wherein said control means causes only
capacitors whose connections have not been
switched by said switching means to be initialized
by said parallel monitors.
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